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SUM HAS Y

This if the report of the productiv i-y anhanceaent study

of the so'software development effor:. This .tady is an

intial effCr- to iCentify caan7.idate prcjsc:3 for produc:ivi

-y improvements. We do not attamp - a d.etailed analysis of

:V vr-o-ble ms. Instead, we trz to adopt an ovezv:ws of the

organizaTion and its .roblems as they a _-o.a: tc ouz=..e.s.

it is -he opinion of the authors that FISO is weli managed

and that employee morale is genarally goDd, bum tnat the or-

ganization faces ser.ius challenges in tcth the near term

and the long tn. Subs - ant i al chanras will have to be ma.-=

in the way the orgarniz.ticn does business mo keep F.SO via-

ble in the future.

;:7 The 2ajcr reco"n ndations in th~s report are:

1. FMISC should be gin work on a Development Tools Syszem

that will suppcrt comput-r progriaming work, documen-

tation and software management. h :his should be a
/

unified system (all parts of it cin communicate with

other parts| but not necessarily a single computer

system.

2. T-he physical facilities at FMSO are Delow the recog-

nized standards for supporting a software development

operation and should be upgraded. ,i "e ..- eLL
)

" ii - eproduc84d '400
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3. Some areas c-- software managemer~t naed tc be iwm-

proved.- I, Abetter project planninig and

tracking system needs to be pct in place. G:rl7

F IS's softars managsment effor-n is we!l dirscted.

The points ccvred in this rapcrt are:

1. An ovarall vtev :,f -the F330O sys-ems affort.

2. A discussioa of the tyne of productivity enhancing

effcr:t that shz-uld be mal.

3. A proposal for -:ha installazior of a Dav.alopmen t

Tools System at F33C.

U. An ou~:) f :efacli4ties .,upiovaener-s --hat shculd

be madi .: imp-:ov yercduzt_ vity ard =encouzaca cn:

ued hizgh ;emoloyea morals.

5. P:cjec-: astiimating -:echn*i'quis and hiusflas.
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BACK GROUND

The Feet aterial support Of fics is 1-1 anusualJ Navy com-

3ar. It handles a varyiet o ac.vz:s.sbitsfrtez

.Suply cperatla mo- of ns wuorts .o uco ~ at

( T~~~esg CA ctivity o vrus 90%?1 ao d FflO' reouces, i i

,thsearea: Iha e at S sil be = cocenfoit n ths eor. Th

2.o conen of the Nay'is t i Stocks Fund. o nc.~

t3e pductiiof the Cs-_ acti.vitya.

The Suapoy fucrtons supportdb. h Aaciiyae

5. rInifr atoae loaitaic cesnsS.em UDP

ma)o coniorn of thsstem i t for u nvnor waynto Pintase

(UICP)

b) UADPS Stock Points (UADPS-SP).

-1-.



C) Level II/III Stock Points.

d) Disk Orianted SuPpl y System (poSs)

2. Headquartc-rs Financial Systems.

3. .anagement Information System f0r Inte-na:igal Lc-

gistics - MISIL.

4. Special Data P:c ~ssing Systems ?:zjects.

a) RMM&E - Requisition Material moni:oring and ExpP-

b) Irid.n- logistics data.

c) NALCC:S.

d) NArDS - Navy Au.cmatsf Tzrnporti-io: Da'a Sysem.

s) 1AVADS - lavy Au-o.ma-ed !annsp,_:atiz: DozIamenta-

ticn Sy tem.

f) Sesoiciatioi.

g) SPAR.

The list of =eszor.sibilities claced or. FISO 4s -.mo.-ssive.

If it w-3:e a private oriatzation, .t woild be a major soft-

ware house or ccm Ite: ccipany. Wi:h approximately 1,360

*" employ-es FMSC has a staff that is about 203 smali.: -han

Apple Computer. The -mployees charged with the CDA activity

have to maintain a library of computer systems consisting of

approximately 10,000 - 12,000 programs totaling cn -he order

of 20 million lines of code. In industrial terms, this sys-

tem library is about what one would expect to find in a ma-

jor high technolcgy company that amployed a:ound 200,000

people. This library has been in development for 10 to 20

-2-
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years. Again, if industrial yardsticks apply, then i- is -o

ba expected that FMSO has spent between ons and two billion

dollars in developing this code.

1.2 Gfjk 11II AT FMSO

Some of the problems that beset FMSO would occur in ary

nfcrmanion systems group in any organrzaton. Information

systems activity is generally a service a:. This means

that others in the organization do not rca v appreciate the

problems involved in deveicpinrg software.  have ittle

Siea about effec-ive ways of dcing it. rh axpec- the ser-

vice to be available when they want 4n and in -he form tha-

-hey want it. The result -s that an 4nnzZ' m on systems

group can develo: serious croblems Jn i t riat: w.- h its

upper level mnazgement and its cus-omers. 2he group has

little control over planning or resouzca allocation f-r its

!=ea, but i erds tc get lamed for everything that goes

wrcng. In FMSO's zase, this problem is mala worse by the

fact that their superiors are in Washington, and their major

custcmers are spread all over the globe. The reputation of

the organizaticn suffers as a consequence even when its

problems are not of i-s own making.

Besides these general sorts of information systems group

problems, there is ancther set of problems that arises for

computing groups working for the government in general and

for the Navy in particular. During the fifties and sixties,

-3-



computszs were :Yanera.Lv ricoar.4_ed as useful, u "e'wr

vary expens~ie and difficult tc manage. A~s a ressult_, a

Whole $a,: cf re..oula::Cns grew up around the use an! r-i~

ment of: computers wit'. the_ Brooks Bi'-1 baing -:he :~n

often cited. Th-a effact has bezen t o eur g-'yj:-

f'_cation for any onpFiter procurement.

The i,=cnic zhincy .s that c:ompu-e~s have gott-en much

C"aesper sinc=e tanese r9-cula. tns W=Z? Du: Ln-o Zrr zc:.

Computer power -hat would have requi'red '- o de:

e-ars ago can -c w be p u r d a-t t M ar z .7i y tvear

M an:. F:or ccM, u-Zr zvstems ccFti-no i-we 1DO'

$100,000, t h--:jIS- -* r:iiC a:o t f Ih cV3Z2 rr on: :_' Z: t'I S -CS:

?xzernslve accesz:oriss: thri aachins. Peehave been t'.o

,_d~e eff-ct: Co: zos h is: ~z to ia~ a aan aCe =s ze'C -

:int to proc ure equ ip ment Even t hc -ih --'t may be of cnier7-

abl.e ten-afit: -:,i the orlinZaton. For t:hF ioiua a,

er=, a -.rocurmen- ef fo:t lians that hos sar: -s ocuo~ed

w th 1,9 paperwcrk requird to purchase i cimzu-:er ons-teac

of beina abl-i -o do thei-r regular lobs.

Anoth-,'er pr cblen that affects FMS0 is thea Navy attot-ude

toward shore facilities. There seems to be an unwritten

policy in the Navy that the first pricro ty should bp aivpn

to the fleet wh-ie shcre and support fac,311-i::es aeof sec-

ondary importance. The sociali6zation of Naval officers also

leads them to accept shore facilities that are less than

ideal. Shipboard life involves a lot of crowding and dis-

-4-
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comfor-. No matter how bad a shore facili-y may be, Is

likely to be mcre comfortable and spacious than a shipboard

facility. nnfortunat~ly for F.SO, .he stanlard of Compari-

so, is not shi.board software development facilities (if

there were such a thing). it is the numerous software de-

velcpment facilities springing up all arDund the Harrisburg

area. I.t will be irresistable for FSO employa-es to compare

--air working conditios. wit' -h os: av Ailabl. al Places le--

EDS and CACI.

These ccmm.ents apply tc beth the physizal plan-: at FMSO

and to the compu-_r systams upon which iavelopment is !one.

The computers for which FMSO dces deveiopment wok must be

axong the oldest currently operating. this is a costly

proposition from mz.ny points of view. For e individual

programmer, it is costly because ne falls behind -echno-

logically. Computer perscnnel are an unusual breed. Of al!

ahe professicns, -hey hold prsfessionai de =lodmen: in high-

est regard. This is natural considering that computer tech-

nology changes rather quickly, and that any individual. who

falls behind is likely to find himself out of a job. FISO

has done a gocd job in making professional devilopment

training available to its staff. This is probably a major

reason for the remarkable loyalty to the organization we cb-

served there.

There are other problems in trying to deal with older

technologies than just personnel considerations. Both the

-5-



equipmsnt and design philosophies for opera-ing systqms have

changed ccnsiderably since FMSO's equipment was ins-:alled.

Iagnetic taps oriented syst.ems for data processing are now a

thing of the past. Magnatic tape is cheaper than disk, but

i-s use requires a great deaL of operator inerven-ion.

There are too many chances for error In tae use of "tape. In

a disk oriented system, the process of ca"l ing fies and

se-tting up jobs Is done automa-ically with.out human inter-

vention. The disk svstem may be mc- e costly tc install, b at

-hs eliminaticn cf tan9 handling errors mak-.s i. a gocd deal

cheaper in the !n run.

The same is zu? of older operating systems. Such sys-

tems aenerally called for more orator itervenion. Thi-

)pened up more chance cf error. Th-2 newz philosophies In

operating systems :a- for "programming the idiot cut of the

loop" - that is, dssiqning thee systam so that it rarely

calls or humans for dacisions. A final po-.at in the opera-

tion of older systems Is the mint~nance problem. As a sys-I tam ages, the mazufacturer of the system bacomas iss inter-

estel in verfcrmin; software enhancements and updates. He

naturally wants to concentrate on newer produccs, and ever-

-ually the software on the older system becomes obsolete.

If the customer does not upgrade his hardware, he gets left

behind in the evolutionary process of system development.

-6-
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The problsms mentioned above cmbine to make long term

solutions very difficult in this environment. Acquisiticn

of new computer systems or the institution of long range

changes can take years in the Navy environmen-.. An example

of -his is the ICP Resolicitation project. Tins nas been

underway for about eight years now, and the first machine

should come on line in 1984 (if all goes well). This is an

unconscionably lcng time fcr a systems change. In an indus-

trial enviroment, -his should -:ake no mre than a year with

only a few months spent on the study pcrtion.

A critic of FMS3 might argue that this only proves that

-he machines wers anecessary in th; first place and that. the

government has saved itself eight years of computer expense

by staying with -he old equipment. This is all quiite true.

The machines are "unntecessary' in the sense that -hes 4

always another way to do a :onputsr job. In this case, the

computer savings were generatal a- the expense of personnel

costs, project delays and degraded service for the naval

supply system.

Unfortunately, the personnel costs do not get charged off

to specific information prccessing systems in quite the same

way as a computer. If they don't appear on anybody's bottom

line, then there is a tendency to regard these costs as not

being real.

-7-



The Univac 495's that NAVSUP uses to zanage the ICP's

were obsolescent when the system was installed in 1965. By

now, they are hopelessly out of date. What this mears is

that because cf the Navy's "can do" attitude, these machines

have been kept going long past their useful life. 1he price

for this is more opera-ions personnel, t-ine spent on systems

develcoment and changes to ths operating system, and -ime

spent fine tuning FMSO's applications to gat the most possi-

ble "bang per buck" ou- of a Univac 494. Zhera is little

doubt that ICP's Univac 494's have been :ina: so that rh-y

are cperating more efficiently (where eff Iiency I- s'.1

.. computer tie cniy) than any Univac 494's in history.

Why anyone would want to do such a thing is another ques-

tion.

The Commanding Office: cf FMSO faces several significant

challenges. The organization has some zal long range prob-'I lems. These inclule systems upgrades, improvements that

need to be made to take advantages of new technologies and

improvement of the physical environment. The steps we re-

commend to solve some of these problems are going to gener-

ate short range chaos. A CO's tour of duty is only two

years. If a new CO came in and accepted all of our recom-

mendations on the first day of his tour, then by the end of

his tour FMSO wouli be in a much more disrupted state than

1:
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when he took over. In fact, the same would probably be :rui

of his successcr, and it would n t be antil the thi-: CO i.

the sequence tha- we would begin to see payoffs frcm somea of

the productivity measures we will recommend (abcut five

y;ears out). EMSO is already engaged in s number of steps to

s3lve the problem areas we observed. Things siemed to be

moving in pcsitive directicns and th. management was well

aware of the challenges facing befOcre tais report was writ-

I'
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Chapter 2

APPROACHES IN IMPROVING PRODUCTIVITY

2. 1 IM2S0

There are many possible approachs to improving product-iv-

ity in sof-ware develooment. There is no one magic t-.chni-

q ae that will guarantee resul-ts under all cond'-ions. rhe

most effective techniques to apply in _rproving productivity

will depend on the current statas of the t:ganization, its

"evel of expertise, an, the type of sys-ems and management

invironment in whlzh it operates. In addition, the ap-

proaches to productivity improvement giqvn in the li-s:anureI

tend to be interdependent. They cannot ba applied separate-

ly or piecemeal and have any chance of achieving success.

For example, mcde= software management techniques cannot be

used effectively in an antique computing enviroment. most

of the productiv;ty improvment techniques are highly depen-

dent upon intetactive computing environments, sophisticated

development tools and the ability to transfer both develop-

3ent code and administrative data quickly among the individ-

uals involved in a project. On the other hand, high tech-

nology by itself is no guarantee of a productive

environment. A productivity improvement program needs a

well thought cut mnagment plan combined with the latest

- 0 -



technology. In this document, we will try to lay out -he

aspects of a Froductivity enhancement program for FMSO.

2.2 j2I.$. _ s R_..N_U!U _so" v_.UTj

The first problem with productivity in a software envi-

ronmen- 4s deciding what it is. This may Sound odd at f-_rst

because everyce thinks that they know wha: productivity is.

In a manufacturing environment such as the automobile indus-

try, it is not too hard tc come up with defnit ions for pro-

duct.v~tv An autzmcbila i a tangibls itsm. It =:.

works, or it dces not. It is built from comp-onents that are

easy to cost cut and a cost for its produc-ion can be com-

puted fairly readily.

In software development, this is not the case. t is

hard to come to some sort of solid analysis as to just what

is being producel! by programmers. In cn-= sense, ;t is not

too different frcm the case of an automobile. Programmers
I produce programs, and these programs either work, or they Ic

not. But each prcrammer wcrking on a sys..m produces orly

a piece of it, and there is no set standard for measuring

what these pieces are. The measure most commonly used in

industry is lines of code. All we have to do is count tha

lines of code produced by a programuer, and divide that into

the cost of supporting the programmer, and we have a produc-

tivity figure that we can use.

- 1 -
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But when one begins to examine both the published iitera-

ture and the pcssibilities available in the definition of

lines of code, cn='s confidence in this measure begins tc

slip away. ?or instance, what do you count? Is every com-

ment line in a program counted, cr do we only count executa-

ble code? Do we count the l_nes ir a program tha: contain

commands tc the cperating system, or do we only worry about

the source languag . code? What do we do about code that has

been produced fcr another system and has been re-used for

the system -hat we are trying to i.alyz.? Ca:, we count code

that has been ;roduce. by a program genrator? The list of

possible questions is almcst erdlsss.

One reply tc t-his is that it dces no- really make -co

much difference. All we have to do is cnoose some reason-

able measure and stick with it. Indeed, -his is what most

organizaticns do. But, this does make. it hard to compare

?roductivity across organizations. It is not uncommon to

find "productivity" differences that are almost an order of

magnitude apart in comparing -wo differant scftwaze organi-

zationsi. In many cases, much of this Aifference in produc-

tivity comes from differences in the counting conventions

that are applied to computer code. It would be a mistake to

accept these differences at face value as true differences

in productivity.

See Barry Boehm, Jo2 re e _ p. 86 for

a table listing the different effort models and a brief
compariscn cf the number of man-months predicted by each
for a software development project.

- 12 -



There are other possibilities fcr measuring the outpu- c_

a software effort. It is possible to define the basic func-

-ions performed in a program, and -hen rount prodactivity as

number ot functions implementedz . Another possibility would

be to count number of programs released. Both of these are

somewhat grosser measures than lines of code, and in their

own way, they can be as hard to implement. Vo matter what

ma-asure is chosen for productivity in an organization, care

should be taken in its application. One does not want to

come up with a measure that encouragm.s be.-avio -that

counterproductive. For example, if one :hcoses lines of

code as a measure then checks should be made from time to

time to make sure that this is not encouraging programmers

to use ccdinq techniques that maximize !ines of ccle. Simi-

larly, if one chccse programs released as a measure, then it

would be to a programming team's advar-age :c cnly try to

work on short, simple systems. This would bocs: their "pro-

ductivity" measure as defined by the organization. Whatever

measure is chosen, it should be applied with common sense,

examined frequently and compared with oth--r measures of pro-

luctivity. Slavish adherence zo an inappropriate productiv-

i'y measure could do more damage to real productivity than

not paying any attention to productivity at all.

2 For an example of this approich, see the article by A. J.
Albrecht, "Measuring Application Development Productiv!-
ty".

:. - 13 -
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2.3 k11i MILS M_ 9s911 , ,oD.U:T1111

In improving programmer productivity at FMSO, we have a

few problems because there is no currently accepted defini-

tion of prcduc-.ivity in place at FMSO. This means t.hat we

could institute programs fcr productivity improvemen-, but

we have nc way of measuring how wl.l these programs perform.

Ons approach tc .his problem would be to Set up some produc-

tivity measures, gather lata and use this data as a bench-

mark for future croductivity anhancemen - , measures. W feel

that this wcald te a hal aproach. The probl-ms that FISO

has are serious enough, and the organiza:ion is enough be-

hind the curr.- star9 of the art ;n information systems

tschnlogy that we feel that certain measures must te taken

without de.ay, n setting up a Froductivity -mprovemen:

program at FNISC, we feel that the following areas should be
considered (in order cf priority):

1. Autcmation of the systems development process.

2. Improvement of the physical environment at FMSO.

3. Development of a system of prcductivnty measurement

and data gathering to support this system.

4. Development of a system for projeot planning and

tracking based on the productivity measures devel-

oped.

5. Continue the work on a set of automated development

tools in support of the systems development effort.

: - 1L4 -

144

'~~~i.. 7 -.. -"I-



All of these problems are serious, and to a certain Sx-

tent, they must all be attacked simultaneously. W= feel,

however, that the automation of the software develpment

process is the mcst important issue to be solved in the near

term. The highest priority should be given -to the acquisi-

tion of a development tools system to aid in both software

development and project managemen-. A major problem at FMSO

is that developmcnt takes place or. "tes: bed" machines.

Such machines are set up tc meet the needs of the organiza-

ticr. for which the software is being developed. They do not

have the full set of software aids tha- one would expect, cn

a modern software development facility (sophistica-:_d -ext

editors, interactive compilers, file tzansfer protccols,

message handling facilities, and wor! processirg text for-

matters) These tools are not neczssary for the ultimate

missicns of these test bed machines. However, these auto-

mated tools are very effectivq fcr scf-ware development and

project management. Further, because the development ma-*1 chines are identical -o the actual orodu:tion machines, the

temptation to p:e-empt levelopment act;vity if one of the

production machines is down is very stroag. The immediate

needs cf users naturally have a higher priority than long

term develcpmet projects, and this can result in slowdowns

in development. The "test-bed" machines are actually the

production machines of the development groups, but asers

tend to overlook this. It must be recognized that software
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development is a highly specialized activity, and -:ha- -

n-eeds its own production facility. There is no reascn why

the development system has to be the same machine as the one

for which the software is being developed. In fact, deve-l-

oping the software on a different machine could actually

serve to make the cods more r-adily po=zaole.

2.4 H CSE FOR A DEVELOPMENT TOOLS SYSTEM

The development tccls system should servs both management

and programirers. It is hazd nc sepa=ate tl needs of the

prcq:ammers and -he project managers in a large softwzre ef-

fo-. If anything, the large: th? softwa_-r effort, the mere

-me and effort will be spent in managem.net and documen-a-

:on issules. For a large system, actual codng is likely to

consume about 30% of the effort. The ramaining effor- is

spent in dccumentation, management and coo=iination of the

diverse elements making up the system. Any developmert

-tools system isplemented should be able to support these

needs. A unified levelopment -ools system should be able to

s ippcrt these functional areas:

1. Development documentation.

2. Prcect management and tracking.

3. Budgeting.

4. Program coding.

5. Program testing.

6. Database development and program test data.
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7. Quality assuran~ce.

To those used to clde: ger-arations of equ,3manit, t .is may

sound like an i-mF-cssible list of tasks f:a smngl% ComoU-

S= I fact, this list Is tlhe rule rather -thar, tzh =xcenD-

tior cm mcdae-n large scale computers. .1o)sz amr-r offszr

a wide variety of tools that will szucpc:,t -zqm type of erv-

The ozocesscrs needesd to support syst:ems development m--z

11. n emzra c t _v c- iIe z::es .

2. Larsguagr- with st~inq p:ocess .nac zp ao.tes .

3. Text Prcess:mmo packacES f-_r_ f:-Ttim- % docammna-

t io n.

4. S op hi;s tic_=ad fil; h an dl-'n g c a za b m ,as .

5. Screez crenned text eli1tors fsz ptn both

ccde and text.

6. The abi!-4:y to -transzfer lat:a from neuse: -canother-

g-lickly and conenenly Thins ,ild tF used for

both au-omated office t:ype copp :ations and proaram-

mez's= wc-k Deincn .

7. Packages for dcing statistical analysis.

8. A gr.aphi.cs system fcr producing- documentati"cr and

j managgment reports.

9. Automatic typeset facilities for producing "clean"t

docuaentation and reducing printing costs.
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The idea is that a development system shoull suppc=rt wil

var.iaty of both conpun er related an~d manigezert r=ea.-d a~c-

:v; ties. Samc- may object to the propcsal that taxt pro-

csssrn atilitiesz should be included on the development sys-

reaM. Th4 counter argument would rur - "we already have word

nrocessing fac:li'-ties. why buy more?". What we a:=- propcs-

in g here is sczewhat diffrzrent fromn -he normal word process-

ina systems. 7h= tevelopmenz system wculd be used --o

-- gether a numbe:: of "f:erer: -app:'cam-:ns, and wc:d Orc-

..Imn WoUl1 '-- cne o-f -hem. it --s v=-:y cznveri--nt an

cost er zctive to ze able to do both progr-amzing a=nd wcrd

orccesSina on- n-e Sam'? maci-ine. For- one- 'Iir.g, it- -lloWs

you to take tecuto:ut of a pro-gram, refrormat: it- and use

as part of the te-xt i-. 3 manual. This - s iifficult t-o do- on7

an ordinary word processizq Sy~~tam because :t, in.-volves r:e-

ent:ry of data that was alzeedy gene:ratet oy :h-= compuater

an yway. The strategies for biiilding a development System

are- discussed in Chapter 3.

2.5 IMPROVING THE PHYSICAL PLA4IT

Almost as rmpctanit as the acquisition of a develocpment

tzools system Is improvemert of the programming environment

a - F.11SO. The present fac-li-ties are inadguate for any~ type

of clerical wcrk, particularly computer programming. F~ISO

is housed in an old warehouse building. rhe space i&nside

the building is broken up using shoulder height partitions.

- 18



These pa~titions are of the old-fashioned sort that do not
provide much sound insulation. The building ;tel is - cis

and pcorly air conditioned. This is the worst snvironment

.:or scftware production that we have ever seen.

The present facilit.ies provide about 50 square feet of

floor space for crach employee. in the ::ompouter: Industry,

100 square faet iS considerel ,.orMal 3 . roa wigis an

activit y that requires scirewhat different types of officge

spaces than a other clerical jobs. The by-:productzs of ccm-

pl-er pro.gramming (listings, saaets cf g:aphics outp-at, :ran-

ual libraries) take up a great deal of w:ork space and stcr-

age sipace. Tc use them effectively requires spec;.ally

designed work areas -and stcrage arsZas. A ;rcqrammsr needs a

deask for: nor-ma. work, a work table where he cani spreai out

li.stings or nctes for wor.k (even w_ th a more modern system

.hat de-emphasizes hardcopy, it will be a while before all

programmers accustom themselves to this) , a terminal for: in-

teraction with the computer and st-orage areas for listinas

and manuals. it goes without sa ying that this all should be

n the context of a physically comfortable environoment. The

air conditionirg should be adeguate to the climate, and the

sound insulation. should be good. In additiJon, there have to

be conference facilities readily available for meetings of

3 See the description of the IBM~ Santa Teresa labs which
were specifically designed -to support software develop-
ment. The reference is G. M. McCue, "IBM"Ps Santa Teresa

-'Laboratory -Architectural Design for Software Develop-
me nt".
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project teams. Program development for a large system is a

rs-atively soci-al activity, and this meeting space is- naedsl

for the job as well. The ccmxand seiems to be well1 a wa re o-f

the space problems and is taking steps to remedy t.hem. S cm,

of the problems will be alleviated i-n the future as systems

work moves away from cards and the floor space taken by card

files can be reclaimed.

The issue cf: Programming environment is in import-ant one

and i4S addr-essed i4n Chapter 4. There areB no sne- sud-

-- s relating programmina evi:-nents ~zn~v:. A

we discussed earlier, ?)roduct.--viry measures are rather rub-

ber7y, and it wculd be statist.ically dfiltto r-elats sps-

cif--c producti-vit;-y measure-= to al.l of t.he :poss:nble-: vari-ables

:.n ervironmental desi-gn. Still, 4f your buildi4ng layout is

suabstantially at variance with what :s considered, normal in

ae the indus-.ry, then your progzammers are li'kely to no-

nce. F.1SO i"s ringed by software houses (EDS, CACI and cth-

9=s) ,and the program development environmenlts there are

likely to come a lot closer to industry zorms than they do

a*: FNISO. Eventually FASO is going to lose many of its beat

-mployees to these organizations because they perceive a

better environment there. It is a tribute to the management

practices in place at Fl SO that the employee morale is as

good as it is.
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2.6 c=!c ===C =

The observa-ions we have made in this zhapter Should ccme

as no surprise. From our conversations with F SO staff,

these are well kncwn problems. They do not seem to be wide-

ly known outside the organization, however. Wr- feel that

FMSO is at a crucial point in its existencz.- :: has to ei-

zher improve its technical and physical facilities, cr it

will cease being a viable software development organizatior.

The cptions are sither to improve the faili or -o abanion

The p=ccess of oroductivity improveman: must be t-acked

on several fronts. The mcst important is -he improveren-, c.

-he technical and physcia envirorment. It dces no- make

slnse to try to irpie.Tent mcdern software management -echni-

ques in a horsy and buggy technical environmen-. The im-

oroved software management techniques will be helpful in any

environment, but ti.ey will not be as effective on a non-n-

taractive, antique computer system. Along with the improve-

ment of the system, an acceptable measure of prcductivity

mus-t be develced and installed. All of these changsa. ar

evolutionary, and will tike a good deal of time. There are

no generally accepted productivity measuremen- techniques in

industry. The models used tend to be tailor made for each

organization, and the same will be true for FMSO.

- 21 -
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Chapter 3

REQUIREMENTS FOR A DEVELOPRENT TOOLS SYSTEM

3.1 INTBODUCTION

Since the Develapment Tools System is to be installed in

a Navy environment, the first thing to consider is the prc-

curement cf -his type of eguipment. To somebody accus-:ozed

to industry standards for software, the leai times for gov-

:rnzent scftwa:e procureme:ts seem excruciatingly long. Ths

IZP Resolici-aticn effort at FMSO has zeen going ,n for

=.ight years ncw, and the first aachiae has yet to a-_ive.

:n industry, e.ght years wculd be the complate lifs cycle

for the system fzom the first feasibillty study to -he final

!epartue cf the system at the end of its life. In the

past, such long life cycles have guarant=Z4 that tha aqu:4-

ment will be ctsclete when installed.

Part of the problem is that a great deal of economic jus-

tificaion is required for a government procurement. There

is nothing wrcng with this per se, but this ecqkcomic justi-

ficatation is always tied to a specific shopping list of

hardware, and the whole thing has to go through many levels

of approval. Meanwhile, the computer industry changes at a

rapid pace, and the list of hardware quio;kly becomes obosc-

lete. It would be worthwhile to considar the approach taken

- 22 -
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by the SPLIC? rcec- -n ecqu::i4_n a sysia. The fZCJ;s

shcull bs C: 'the t nt- tn-y Sys~z ;s tes wc ~ -

fincticns. ",h* syst oi '_t sel sh ,i ce a:!- Ia: an 1 expanda-

bL.~ Once d F :cc .r -a ei a,.,r. zi -s a,: p.ae. can

be used is a vin-c!. :- r :-j -e aLQ:ie t :Z_ system.

.3C past Frcolecis. Tne- p:cI:aMefr.'t 1:J:.s rega:iel as

t~cn C.f uPq-.A"Es 5 te v.i. r~s~ s,:r fc

saou.1 be use! *-. c -h c icsi.:::_or c-- a e~~.

Syst em.

3. 2 gIQAL &i&I IQUIE

The furnctioral caoa~ilities in theC Devel zPse~t TCrols Sys-

-am should incliie:

1. Intezactive ccmpile:a ar:1 debuggIng tools fo: systemIf 1developmprt :In the major languages usad at FMSO.

This wculd be COBOL and perhaps F3RTRAIM.

2. Interactive languages with good string processing ca-

pabilities for use as tool generating languages.

These vculd be used to generate data bases, and de-

velop automated tocls for analyzing computer code

(structure and standards checkers would be two exam-

Pleg) .Good candidate languages would be PUTI or

Pascal.
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3. High speed terminals with full screen editiJ.a capa-

bility. Ideally, there should be a terminal for each

programmer.

. An electronic mail system so that programs, locumen-

tation and data could be routed :aadily among the

members of the development team. Such a system could

serve as the foundation of -he development and man-

agement wcrk on FASC systems.

5. A variety of management tool aids such as statistical

packages (SPSS, .initab), managemena packages (PERT)

and r.pcrt generating packages (RA3I5 II or FOCUS) to

aid in controlling the developmen-t of FMSO pzojects.

6. A sophisticated word processig capabiii-y that would

include the ability to format large docume-s (the

requi-ements tqnd to be differer.t than for small word

processing systexas). Examples of systms of this

type would be Script or AIMS.

7. A sophisticated graphics capabili-:y for producing

both documentation and managemen: -.eports.

8. An automatic typesetting system ziel in with a high

speed laser printer.

This is a formidable set of raquirements for a single ma-

chine. A number cf manufacturers supply aquipment that

could handle these requirements, but it would probably be

more economic to consider a Local Area Natwork (LAN) rather

than to try to satisfy all of this on a single machine. The
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networking system chosen would be the vehicle for futxre

system growth. Increments to this compute: power cz ll be

added as needed.

At the base of this network, there would have to be one

or more reasonably pcwarful mainframe systems. These would

be required for iffplementing programming tools and for doing

interactive testing cf code. Individual editing and word

processing functiois could probably be handled cn smaller

"smart" -erminals. It makes more sense to downloai process-

ing onto cheaFer micros and minis rather- taan -:ying to finl

a large CPU to handle everything.

3.3 COST JUSTIFICAIIOI FOR TH DEVELOPMENT TOOLS SYSTEM

It will be difficult -.c do -:radi-ional economic analysis

on such a system for cost jus:ification. The normal covern-

men: app:oach to econcmic analysis on systems is to de-e:-

mine re.quiremer.ts, ccst out a set of alzernatives for meet-

ing those reguirements and then choose the most cost

effective alternative for the system. There is nothing

wrong with this, but it does make one rathe.r large ass-mp-

tion at the start - namely that you can determine your "re-

quirements". In FMSO's case, this will simply not be true.

The software development environment there is so far behind

current technology that the programmers could not even state

exactly how they will use the new system. Our experience at

NPS is probably instructive. Before we acquired our IBM

- 25 -
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3033AP system, we went thrcugh the standard justific.-tion

and benchmarking based on the best guesses we could come up

with on how users would use the new machine. These guesses

proved to be totally inadequate because our asers were very

quick to come up with unanticipated uses of the machine.

This is the problem of trying to assess "unmet demand" in

advance. In F1SO's case, the problem is likely to be an or-

der of magnitude worse because the systems in place there

are so old. It w.il take ths orcgranms at l'az a ysr

before they begin to feel comfortable with the machine.

Once they do feel comfortable with it, :b-ey will begin tc

use it in ways that are hard zo anticipate. A LAN type

technology will at least alloy you to expand your resources

ir a mcdular fashion.

3.4 CO NCLUSICNS

FMSO should t:y to remain as flexibls as possible in 4:s

acquisition of a Development Tools System. Foztunately,

.his is relatively easy to do with newer computer systems.

It is possible tc buy a system as a set if building blocks

and integrate and expand the system ova: time by adding new

pieces. FMSO and the Navy generally need to change the way

they think about omputer systems. computer system is not

a solution to a problem. This type of n inking leads plan-

ners to believe that a particular system is good now and

forever. A ccmputer system is a part of a problem solving
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process. As the proc.ess changes, it is probably a good iea

to ccnsider changing the system as weil. NAVSUPSYSCOM has

falled to do this with its computer systems, and it. will be

a difficult, expensive process to upgrade.

Newer trends in Navy piccurEment make it easier to ac-

quire useful computer syst-ms by fccusi'g :) the functions

provided by the system rather than on a saopping list of

computcr hardware. FISO needs to look a-: developtng ar

tegrated system that will support program davsiopment, docu-

mantation, tools deelpmntad maageman.:. The system de-

veloped shculd be expindatle so that the system can grow as

FSO 's needs grow. Th'p Ocst promising faoirae _ -1S

type of system is the local arza n.tiwork apprcach. The L A

technclogy is still fairly new, and it may op a fed years

before there ars any clear leaders in this field. :n the

meantime, F.SO should begin working cn an overall develop-

ment plan and begin acquiring equipment that coull p=-videj short term aid and also be rattonally iad into a LAN de-

velopment in the furu=r.

- 27 -
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Chapter 4

PROG A&MING ENVIDONIENTS AND PRO-OUCTIVITY

4.1 LU2DVlCTIO.N

:he concept of programming renvz.onments i- one -ha Is

just b:gin::tn to get attention from researchers in produc-

-i VIy. The deveLpmen- cf computer scftware -s still in a

Zottage i-dust:y .ha9. 1t is -not un(asual for -, P_-cgzammsr

to havq to w:te t.19 keyun.h it (o: do -.he :a'a entry

on a terminai), doc'4ment it, keep track of modules, inte-

grate modules, rest the moduiss, asseam)I the rlease Pack-

ags atd a number of other chores associated w-zh the pro-

. ct. This wculd be tinfiler no having ta automotive worker

be the designer cf a car, write the owz.rls manua!, .ssemble

-ae car and be respons"Dle for doing maintenance work on it.

rhis would -:-quire pereonn l who wer = muloi more skiiled then

current automc'ive service rersonnel, and cars would be a

great deal more =xpensive as a consequent .

This problem that programming work has is just ar. example

of general prchleus in the clerical area. Cap:.al expendi-

ture per worker is lower for white collar workers than for

any cther type. The average per capita zapital expenditure

for white collar workers in our economy is $3,000. The cor-

responding figure for blue collar workers is $25,000 and for
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farm workers is $35,000. Productivity is harder to n-asurs

in clerical arcas. Parhaps part of the problem is tha.: man,-

-igirs feel that cffics workers are not -zally producing any-

-hing anyway, so why soend any money on Zhem. This -titude

-a crumbling in the face of office automation, but will

be a while before it lisapFears.

t4.2 ELMIT OF A PROGBAMIIjNG gffj ENj~jj

when we talk ab:iit a prcjrammmig nv' m9nt, w-are

talking abcu- a wh-le complex cf sup o- facil_-ies fo: a

programmer. SFecifically, the points c-v-7i -n -he idea

in Cl uda:

1. Tools suppcrt -a ccess to con,'enan-:, up to date

t echnclccies.

a) Interactive systems.

b) Flexible la-a editi-g faciliees.

c,) Text f'crmatti:g and docum-azt pepaa;on.

gd jlectzCnic Mail.

e) Interactive compilers.

f) Flexible interactive temizal systems.

2. Architectural anvironment.

a) Comfcr-able workspaces.

b) Adequate storage for documentation and listings.

c) Library facilities.

d) Conference and meeting facilities.

3. Teas support.

- 29 -
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a) raza entry personnel.

b) Program and data Lbararians.

c) Technical writers.

i) Managemeat aides.

e) Adequate secretarial support.

4. Social support.

a) Professinnai development sminars.

b) T:a;.ning opportunities.

c) Aczess to technclCgy.

The reCuirements Cz: a .ro grimmer i a svs- ms dvalopmen-

-nvircnment are taz.caiiy :efold. Te are:

1. Privacy ffor progznam v inn actv'ti-s.

2. leeti.ig areas for Sccial int-3:act-ion on .rojec-. work.

3. System access for ;:cgram testing.

An tn.i that underil.ts -*.se requiremen-s w.1. indermi..e

-e pzogr amming .rv.-::nm,?.: gena rally.

4.3 jjOVgMENTS 1N ?RODUCTITY DUE TO I PROVED

From FMSO's ocin- -f :ii ., -le most interesting question

is how much p.cductivity will be improved by improving the

development arvironment. This will be nacessary for any

cost justification of improvemAnt. It turns out t.hat this

vill not be an easy questicn to answer for a variety of rea-

sons. First of all, -hers is no real system of productivity

measurement in place at FMSO, so we have no way to measure

productivity. Secondly, FMSO is a unique environmsnt. In

- 30 -

I I " .



miost ways, it: i4s f-ir behind current compate: techncioay. I:

i.s doin~g developmen't in a computer anv4:Danen zha.t io.:-: 7-

ganizations scraposd t:?- ysirs ago. I-cs maniag sent cli-mate

4s mcre up to date. rhe improved programming :eSchnologoies

are given in the divel1opment handbooks, the st aff I's aware

o)f them and seems dedicated to imolemenr:t-aq -those th.at can.

be adapted to FMSO' s situat_4tn_.

i t is zhis cc-.qb.natn-on c-:f fa= to zS .ta-. .32LK z 3MDa: iSC r

wi-th industrial erc lifficuli:. lozzc oh rszearch

M.O teC-hncl.Iqes. 7There is 1:.tlis w':k io-e a

son tetweer n- :tazt::ve vs. oanah o.sr :gr iv o-

ns-t Th rearr.~z::n~s~s le. v~:o~hccnsilers

:-- ractive ccdi-. toc be zuc an improvemeznt th.at nibcdy has

chrdt cree~ ~ the:: TIS-o iae hrewr a :SW

-a-_ve papezs on the subject i th -'.at 19uO3', but

t.-e as beer Iitt: :acs7nlY'.

The progra: z.ng styles cf oae worxers wi'll- be l-ifferent_

:n onter active anv4or onments than the-y wzL :.- a bat:ch =nv'--

r, meran: When a programmer does developmaent wo:rk in- a bat ch

mode, he has tc keep several projects going concu:=e!.tly.

=e Harold Sackman's article, "Exploratory Experimental
studies Ccmraring Online and Offline Programming Perform-
ance" oublished in the g~amlications of the Assoc ilticn
12 !;l..tj =24n - in Janudzy 1968. Sdckmans art--4
cle concluded that there was about a 20% improvement ir.
programmer time usirg an interactive systam. It: should be
noted that study used the relatively crude interactive
systems cf tbe late 1960's. Today's srrzeen oriented sys-
tems are orders :)f magnitude better thar the early inter-
active systems.
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This wvay, he has something to do whila waiting f:r -:hs out-

out of his last comzouter run. This al'So means tha- here is

a setup cost each tlms lie shifts gears from one prcjsc-t -c

anot her. Ir, an intr:4active envi rorment, a programm~er is

able to coccntrat;e on a single projezct inti I's comolem-

e d. He does rot have t:o clar. his work a:ound -:he difficul-

~es cl: computer accass. This would Suggesz t hat i nterac-

.v e systems devc-loomont shcu..A have hign payozf in a

ma~nte~iance or:. ntsd v~zan like F11SO's. For7 aICZs

Mana::Snnce WC:7K, -:z= rnangas :,o a :=grai ten! tO be Saa.

and could ts ccmr: letel q uickly. A: z::a:v systsm CCU-;

al.so t= useful in zonroi.g -:h e forms an dc. n:.3: o

assocate! with tcrooram ie vslonmnt.

4.4 CON CIOSICNS

Mcre attention needs toc be -.: o :n=~ sf rsio

T:nnq e.-vi:cnaien: a: F:ISO. Ths majacr po~nns -:-a-. neeuo Lm-

pr ovemsnt_ are th.= o" ys-cal an! ztechnic-al, T~.rn : '-e

* nave ~been amplyv cover-r~w~. 3i novirvn

-:niese asoec-ts o f the -anv i:onn et is no, :.ough. t~ qn

naw systc-a Is instiLlled, work Shou>2 also binon :o~~n

su moor- to developers in the form of iaipr o vz I ols~cre-

.Ftarial assistance !ind general prograwam-ni -aim s~ct

This will allow FNSO to reap full ben%?_f:: fr:~-ej ~n

no 10gies.
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Chapter 5

& PRODUCTIVITY MEASUREMENT SYSrEM

5. 1 INTRODUCTION

This chap-!er will discuss the measure2en: of productivity

wi-hin the software develcment and maintenance D:ocess.

?:oduc-ivity measures, when Iefined as d masu_-e c: uput

dLvided by a arasure :f inpu-r, are used :;r measuring the

s-f'cisncy c: any Doiuc' ion ProcesS. Prcdac-vity measu_--s

can ;-cvie- :nfc:m:icn or efficiency at aI! elivels of an

organization. These levels include various pr.jec-s and de-

partments, as well as the_ entile orgaz.iZation. This chatte:

will examine the purposes cf zrodu ctivi.v i-easuremse-, the

productivity measu=emint pr-oble2 :n general, various meas-

:-es cf p-cgramairg productivity ani a brief liscussion cf

the implementation of a orcductivity measuremezt system.

5.2 PURPOSES OF PRODUCTIVITY MEASUREMENT

The primary purposa for measuring productivity in the

software develcpment and maintenance process is to provide

informaticn fcr use in the three major phases of software

management. These phases are the planning, control and

evaluation of the entire software process as well as indi-

vidual prcjects within the process.
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5. 2. 1 Zlnnn

The primary furztion of the p la~ang phase of scf-wara

management is to provide a priA;or- estinate of resources re-

ga'Zied for sappcIrting the software development and main.te-

nance process, either on a projec-. basi's or- on a :sc'izing

oasis for the entire software de partzent. :he planri±'n

phase a2.i'cws for t*-.r sabinmn of 'Judge:s -for -he

par-mert and p~ojecz -is wsll as subbudgeti ztor each or tacs

in put facto:s, especially lab(,-,~ a:,: r eaiizred in tn e

soft war a pc c E. Th a p: cduc -:.v itv -2sas-ir =_s i1,~i --:.(71

with a:- -ast:mate c'- the amcnit or.- outp~iu: _4uiz-ed zfr -h.I'

=-:ojec-: oz depaz:n:ZBr', t O ge~a c~n -sh s- anfcth

o f i4n pu t (s) r eq u Ir:ei for= a giJv = .-- -.n ei ;i. It -_S r o!u Ib'

n:) :ei d-hat -:here eix s-.s a d;r a:t I d-ir -- n th _s Zohasa e

-tween -:Le pro-ductivity m-aasurle art pzoj~z::rs s~~n

metHcds. C-, a cr:,,iec,: basis, the crodu:iLvlij measuren Tent

oroblem is siuivalent to the ooject ccst ?st::atioto :)rot-

5.2.2 Control

The controlI phase of software muangemant entails -- I-

termination of the extent cf progress of the software pr-

cess and may be appli"ed at both ths department and project

level. Progress may be mc-Asured on two dimensions, budget

and schedule. On the budget dimension, actu~al -.. pendit uzes

are compared with planned expenditures and variances are ex-



am ned. Adequacy of progress is measured by these v-ar.Jnc-

es. The planned expenditures, which were generated during

the planning phase, usually serve as the standards for mea-s-

uring progress. However, the plans are subject to modifica-

tion duo to unforeseen contingencies.

On the schedule dirensicn, actual elapsed t-es are cc-

pared with planned elapsed times and, again, variances are

examined. As in the case of budgets, planned schedules

serve as standards except when modified by anexpected

events. Productivity measures are used Pn:is phase -c as-

sist in -he determinea'on of actual budgets and schedules,

as well as to ass- - : . tke modification. of plans when con-

tingencies occur.

5.2.3 _vajggion

The evaluation phase of software management concerns it-

self with the de-:ermiaticn of how well the software process

:s meeting the goals cf the organization. This determina-

ticn may be made at the !epartmenn level, the project level

or any intermediate level. An integral part of this deter-

4 mination of the adequacy of the enti-re orocess is an evalua-

tion of the efficiency of the process. Productivity meas-

ures, functioning as pure efficiency measures, are useful

during the evaluation phase.
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5.3 21222011M RI " I IIM

Productivity is defined as the relationship betwesn the

output of goods and services and the inputs used to produce

those outputs. Two general types of productivity ratios are

generally used: tota: factor produc-ivity and partial fac-

tor productivity ratizos. Total factor ratios include all of

-he inputs in the oroducticn process, wila pattie! factor

ratics do not. The inputs or factors of prdction are gen-

erally classifled into tliree major categories: labor, capi-

tal an! matrsials. A total factor matio nay be anle to dis-

tinguish subclasses withir each of :hese major ca-teqcries.

For example, labor is act honocenecus and diffeen - -ypes :f

"abor, such as skill lee1 S, ;ay be app_-priate. Any factor

may te used but labcr is ia.-ccmmcr usage as a nar-ial meas-

ure with the input measure genrally belng mar-*hours or

man-years. Ncte that the use of partial ieasures may be

misleading since changes in one input have effacts upon all

other inputs as well as output. Consequantly, an increase

in output per man-ysar indicated by a partial ratio should

no-: be interpreted to mean that the increase is due solely

to the increased efficiency of labor. This Is- because the

increase in output is a result of all of the factors of pro-

duction working together.

Productivity ratios are affected by both short and long-

run elements. Probably the most important of the short-run

elements is the change in utilization of productive capaci-
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-y. Productivity ratios generally vary inversely with

changes in the degree of capacity utilization since the fix-

ed inputs cannct be varied with changes in output. Other

elemen-ts causing short-run changes in productivity are bcth

the level of effort and the learning process which occur as

individuals adapt to new methods and equipment. Among those

elements causing long-run changes in productivity are chang-

es in the quali-ty of inputs. Such changas are referrad t c

as input-augmenting technclogical change. Perhaps most im-

nortan- of the lcna-run elements are changes in tne methods

of organizing prodacticn. These changes in the underlying

production function a:e a result of such items as changes in

-he organizational structu-e cr changes in managerial abili-

ty.

Therg are several problems involved 'n tae use of produc-

tivity measures. These center around ta= measiremen- of in-

puts and outputs !nd their abilities to measure efficiency.

When measurlng inputs for use in a produotivi-ty measure, it

is desirable tc ensure that only the iputs that are actual-

!y utilized in :he production process are used in -the meas-

ure. .his is especially important for the labor input and

implies, for example, that only time worked should be uti-

lized in the measure instead of time paid. Although time

paid may be of interest since it corresponds to the tcal

cost incurred, it is important that such items as adminis-

trative time, etc. be separated out. This will enable man-
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agers to fccus more carefully upon the separate activt-ies

of productive work and other work. Also, J: is impe:ativ.

that only inputs which are homogeneous be aggregated. Using

labor as an example acyain, different skill levels, such as a

keypunch oeratcr versus a systems programmer, perform en-

tirely different tasks and should be aggzrgatea only when

they are cccur within a particular depa:tment. :- is also

preferable tc measure inputs in terms of physical units.

Value units may also be utilized but physical units should

be use, f availazle.

A primary Frcblem with the measurement of outputs is that

convenient measures are scmetimes no- available either in

physical units c_- value units. This output measurement

problem occurs ::inripally within public sector organiza-

:ions. Iz this case, there is usually no accepted opera-

tional definition of what the outputs .eaily are (national

defense, welfa-e, .tc.), and the outputs are not traded in

any markets so that value measures are unavailable, also.

Consequently, most of the cutput measures in use are actual-

ly intermediate outpults or, simply, inputs to further pro-

casses. Such measures are weak, a- best.

In the cases where inputs and outputs may not be precise-

ly measured, the productivity measure becomes susceptible to

perverse incentives and gaming. This implies that the con-

trol and evalu-ation phases of management may focus upon

faulty indicators. For example, if the output measure is

- 38 -



not truly output, there is some danger that generation of

input may be encouraged rather than output. This increase

An inputs does not necessarily imply increased output.

Also, use of such measures may provoke :he generation of

useless output. In oze instance in the public sector, the

measure was square feet of buildings cleaned. This resulted

in many areas being cleaned twice daily and some areas not

at all.

Another major problem with productivity measures is how

to deal with the quality of oultput . Ostensibly, the qualiity

of output should be held ccnstant in productivity -measures

but changes in quality may be difficult to measure. Quality

changes can cause difficulties in both directions; qtiality

deterioration may cause -he m-asure to inc:ease, while qal-

ity improvement may cause the measure to decrease.

A final protlem is that changes in one partial productiv-

ity measure can be misleading concerning its effects upon

the entire production process. There ar n~me:cus ways to

obtain a given output with several inputs. Tachnical effi-

ciency exists when, at a constant output lavel, reduc--:on of

one input necessitates an increase? in another input. How-

ever, economic efficiency exists when thi :elat've marginal

costs of utilizing all inputs in production of the output

are the same. Technical efficiency is required for economic

efficiency but not vice versa. Note that neither of these

two concepts of efficiency are captured oy partial produc-
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tivity measures. overdependence upon partial measures for

control and evaluation can result in undaruti2.iza-ion cf

particular inputs which leads to less rather than more eff-t

cient use cf resources.

5.4 MEASURING PROGRAMING PRODUCTIVITY

5. 4. 1 Introduction

Keeping in mind thz above discussion of pr)duc-ivity

measures in general, we can now begin to discuss -:he soft-

ware vrogramming productivity problem. :0g=-1n714 Is -I"S

of the major inputs into the software development and main-

tenancs Process. Note, hcwever, that programming is an in-

pu- to this process; it is not the output. The ou-.out of

the sortware process is usabli software . Othed efinitions

a.d measures of this output abound but all are simply fur-

ther derivaticns on this cre concept. los- output measures

which are currently being used in programming productivity

suffer from bcing either :ze or intermeziate -nputs. Pbys-

ica7 measures, such as programs, do not address the problem

that users cf software are not interested in prcgrams but

are interested cnly in the output from the programs. Value

measures, such as revenues and sales, are avaiIable for pri-

vate sector entities but are not availaole for public sector

organizations, such as FMSO. Because the definition of the

output from the software process is so equivocal, several

alternative measures are being utilized currently. These
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generally cluszer around lines of code prolucd izn th- pro-

gramming process, functions which the program performs and

functions which the user performs when atilizirng -e pro-

gram. Additicnally, most variations on the.e nZa.. -ares usr

some measure of labor to generate a (pazrtial) productivity

measure. Produc-ivity measures using thase three major

types of output measures as well as an additional one, com-

pleted projects, are evaluated below.

5.'4.2 Lines cf Code

The productivi-y x=asure using ines of code is usually

lines of code per labor unit, where -he labor uni- ray !e

man-days, man-weeks, man-mon-ns, etc. L;r es o: cone d S

physical measuze; however, it measures in _nput into the

software levelcpmen- and lnain- nance process not an output.

Lines Cf code are necessary to produce a softwaze program

but cannot measure how the prcgram functions.

A major diffizilty in impiEmentnng tna use of lines of

code as a prcduc-ivity measur . is to define exactly what a

line consists cf. Programs consist of more than ex ecutable

lines of code. In additicn to the executable sta-ements,

there may be Jcb control language, commqat statements, data

declarations and macro-instructions. Depending upon what is

or is not counted as a line, various measures of lines of

code may differ by factors of two or more.
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Another taJcr difficulty in using lines of cods as a

m-asure concerns its poor capabilities when measuring non-

coding tasks. The entire program development process re-

quires much more than coding. rost lines-of-code measures

attempt to deal with this by using long-run measures which

have some average amount of nonccding work built into them.

However, the application of lines of code per programmer-

month to such tasks may result in questionable results in

specific circumstances.

These measureS also tend to penalize highe- level lan-

guages. The ini-ial portions of the software development

cycle, sch as the determinaticn of user requizements, spec-

-- cations and test cases, as well as lat:.r portions, such

-a the writirn of locumentatiocr, do not depend upon the a:-

guage utilized. Since higher level languages tend to re-

qgire fewer source statements to program than lower level

languages, ccmbina-ion of the coding portion with the lar-

guage-.ndependent portions of development results in an ap-

parent lesser roductivity when using higher level languag-

-s. This apparent paradox exists because the productivity

measure is just that and 4s not a measure of total cost.

A problem related to the higher level language problem is

that lines cf code does not adequately deal with quality

differentials in different programs. Some efforts have been

made to permit the introduction of quality measures within

lines of code via the use of complexity aetrics. Because
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the field cf ccmplexity metrics is still undergoing Jevzlop-

sment with no dcminant metric available, the use of such me-

trics has no- yet 3ffered a precise solution -o the quality

measurement prcblem.

The last major problem with lines of code is that it per-

petuates the myth that coding is the predominant activity in

software development and maintenance. rhis say have been

the case in the early days of prcgramming, Jut in, for exam-

ple, modular programming there say be no new code created

during a particular prcjec-.

A relatively minor probiem appears to be tha,, when such

measures are applied -o subtasks in a project a:.d ,hen ag-

gregated, the aoorega-ion cf the subtazk measures to a sin-

qle cverall measure is perfocrl incorrectly. The corrct

method of aggregation depends upon whete:. the suDzasks are

perfcrmed simultaneouc.'y cr sequentially. If they are per-

formed simultaneously, the Aggregaz. neasure will ts larger

han any cf -he subtask neasuras, and, :-f they are performed

sequentially, th; aggregate measure will be smaller than any

of the subtask measures. Ccmbinat:nos require that sequen-

tial subtask measures be aggregated first, followed by ag-

gregation of the remainin; simultaneous measures.

As with all productivity measures, lines of code is sus-

ceptible tc gaming. Programmers may be able to generate ap-

parent increases in prcduc.ivity where none really exists as

wall as apparently prevent decreases in productivity where

such a decrease has actually occurred.
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Despite the problems given above, lines of code- does have

a major advantage in that it is relatively sasy tr, :Peasure.

'i:th Judicious usep, 14ines cf ccde nay offer an xcn

methcd for measurig programmer productivity. 'Ths folIlowina

statement illustrates t~s

There 4S Stil a great dedl tc be learned about
quality and productivity normalized against, lines
c-. code. we- havul not explAored the limits of
knowledge, and compari'son-S between er:. kinis
cf programs--wi ' ln(-s of code count:ed tie same
way fcr- both--aliiost 'ia_ y vi.Id new i_.S:Ir.1tS ao:~
i_ sccveraies. I: F. pemnaurE to ab:oi
methocd, jucr: whae:, results arc- *-ccnin -crz

.A r-duct vitv y easure has been± ozo poSei an d te=Stei h:

is based upon functions perfcrnel by tr,= prcgram. 7-he Sne-

c-"fc measure is laoor uits (specifi~cally, pa-cus er

function. Note that th" is -;s not actually a productivi'ty

asur-:1 hu i t x erse o': a oroduct-v~tv measure. AsI- n the case -f lines ct ccde, program funz-_4ons m'Isu-e6 an

:nput Int -,he software development and ma~atenance process

instead of an output. Although it is anle to measure how a

prcgram functios, this measure does not capture how users

evaluate or utilize a particular pi-ece of software.

5 This quote (pagJe 51) and some of the above discussion is
taken frcm Jcnes, T.C., "Measuring Prigramming Quality and
Productivity," ;__ jUstews Joj;n.1, Vol. 17, No. 1, 1978,
pp. 39-63.

- 44 -



Perhaps the mcst dif ficult aspect of using program

furcticns as a m-aasure is the definltion -If a program flinc-

t _4on . Pricr appliJ1cations have- been. lim-"te -to Stziuct.urz_4

programming e3nvironments only. Withnin o hfs st~uc: -a:ed ap-

proach a functicr, Is defined to be a paragraph. Dm=pending

up on the par-.icuiar larnquace, a pa:agraph and, the:,sfore, a

function may he a pzccedure or i (sub)=routine?. This also

corresponds To tha concept of a mcda -,. 3iven a specifi-C

M=sthcd of measurIng program functions, zais masuzs _ts rela-

-i-VceLy easy -:C calzUa-e. !Hcwever, t-his mzasure is alsFo

susceptible to gaminL7g, d-pending.q upzr. t~extest --r.~z

--he individual :rccaamer can c:onto. a :rc'r

program. 6

5.. sr ucin

A pro)duc:iv_4: measu:-e has been proposed wh--ch Is ae

sioc: external atbusor, funct--ons wh c'- ar: aczn-va-~ ty

th-c user. The aser al aonproach in this zasa is'tc eemn

-he ext:ernal or ussz-orien:ed caietain f any applica-

:onc software. In practi1ce, -this is accompli'sned by coun-

ing the number of external user inputs, ou::puts, irunri.es

and master filfs lelivered by the projec-t.

6 A discussion of program functions may be found in Cross-
man, T.D., "Taking the Measure of Programmer- Productivi-
ty," m ay 1979, pp. 144-147.
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The counts Cf each of these f our factors may be waih~s

to attempt to reflect the relative value- of sach t, ths

user. Albrecht suggests specific weights w".-ich

t~be use ful in cre particular organization. Addi tionallv,

the we:igatea sum may be adjustcd to accoar.t forexao -

nary ci:cumstarces. The result is a measu:=e cf fun~ction

counts for a Specific ooec-t. The actual measurs utilized

Iy Alt:r-echt -ias hours workcd per fanct:zn czou.-:, w-,Ic: is

t:he inverse of a productivity measure.

T h Ce na sure: of Iser fu nctions rsr I=aDO: ,Ini

consid=erable advantage of actually a::-empc-inzr -o measur-

7uput, user furnctio rs, o f t'he scfz:-,wa e poro e s i n t

r=scpeCt, itCorr7zonj.S mcre cl.salvt-ca -. u = --::duc-_ iv -Y

~easure nr any cf -he o-her ;:ormmn~maS-a:eS r.'scussed

aZcve. S Lnce : t is m-rie outp i:- oa-' _red, it-i much more

1i fficul: to gar.= rIan -2ny cf th e o-her M:asureSS.

!he ac-ua: incas r-ent of user :inct:rns in speci:.C c C:-

c-imstanceS mnay b- nc-hil owevcr. F:: example, i

conceivable -:ha- one may have a d::ffcul.: ::diasce:ng

W.aether a particula:: furction is _- inpa: or ar inquiry. i

a. differen't welght is allcwed fc r .-nouts thin is al2.owc-d f::7

: uires ::n6 selaction of rart icular uIser f'anct ons may

have arn unintendal effect upon the actual value generated by

the measurement pro cedur.?

* ' ~~User- functions are iiscussei in Aibrect, A.J., iesrn
Appl'catio. Devalopment Productivity," Procedir..q of the
SHFlA 1.21ZIB lap.',210 221cational Devloljponsium, October
1979, pp. 83-92.
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Another possible measure is comple-ed projects pe: -a_-

unit. This measure offers the advantage of being excep.-cn-

ally easy to iclemen -  and use. However, unless a reason-

ably large number of different categories of prcjects are

maintained, this measure is also txceptionally suscep-:ble

,:o gaming. This is especially -:rue if the inciviiua! -o be

measured has anli input inzc the seiectin o: which prolscts

are to be programmed by whom. Also, -h- exis-=_nce of a

large number -f categories ccmc-nmiss -: -- z

vantage of this ne~s'ir-. Similarly, i p-esent.s "he a:. i -

-ional problem of cross ccmpaisons of liffarent measures

when locking a: a 3-ngle programmer.

5.14.6 Summary

Each of the above measures has inique advan-ages and dis-

advantages. This ensures that there is no one domiza.-"

measure for all situations. Since FMSO is no-h a deveIoo-

mert and a maintenance activity, -hese ieasures must be ex-

amined for their specific comparative advan-ages in the de-

vc lopmen, and/or maintenance processes. Along this

dimension, the two functicnal measures, program functicns

and user functions, are useful primarily in the development

process. The cther two measures, lines of code and complet-

ed projects, may be used for both development and mainte-

-.ance. The measures also havP relative advantages and dis-
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aivantages when used in either applica-ions or syszess

programming projects. Note, additionally, that there are

Iff2icul-ies in making comparis-ns -rcss differen- languag-

es or organizaticns but here we are interested only in meas-

azing -he produc-'vity of the program-ng process within

Hence, it is suqes-ed tha- a pilot or: ject_ be set up to

collect data cr a number :f software pzo-ac-s and that sev-

e.al measures be evaluated using --hese data. This would re-

suIt in -nwc or cossibl': th:e mea-ruzes b-in. lecte- fo

f:Irther testina sn a nuch laruer sample. Af- r- a reasonable
_umber of hr-jec-s nave _zen examined, then the measures may

ba further evaluatz i to poducs az o :p-r-:Io-al productivity

..easur:ment syst-r-.

5.5 I4PLEMENTATION OF A PRODUCTIVITY ME&SUREMENT SYSTEM

Pzoduc':ivit measurement systems, despite tne advan.ages

discussed above, are not used universally. Perhaps nhp ma-

$ jor reason ror this is bacause hese syst-ms are -o: cost-

less. Rescurces are requred, from both managers and pro-

grammers, ir. order to implemen.- such systems. All of the

measurement systems above are based on daily inputs by indi-

vidual programiers in order to keep track of labor units.

Also, analysis of the project is necessary :n order to gen-

erate alternative output measures. However, such systems

are, in general, cost-effective based upon their general us-
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ages. In addition to --he 2easurement system's contrbut-on

to the potential increase in productivity, there ar several

other reasons that FISO should begin to implement a oroduc-

tivity measuremant system.

The major reason is that a similar system, designed to

associate s recific resources with specific software pro-

jects, will be implemented in ".he near future by DOD. The

Air Force is the lead service in the testing of the Software

Acquisition Resourre Expenditure (SARE) repor- .ng system.

NeW diectives wiZ require such e;o-s fo: all s'ftwa=S

develcped by and for DOD. Consequently, the fozthzoming

SA.RE reporting system will be much easie.r no implement if a

da-a collecticn system has been tested and is being u-ilizd

by FMSO.

Ancher Fossible reason for movement to a productivity

measurement system by FISO is -o provide the basis for quan-

-tative justification of resources require:d for particular

projects. Under the commercial activities pr_:gram, al!

non-mission-essential activities are subject - private sec-

ntor provision. In the case of software deveiopment and

maintenarce, this program would require F1SO to bid on par-

ticular projects along with privatp semctor sof t ware houses.

Such bids must be auditable, which imp.Lias that productivity

• information must be quantitatively-based and verifiable. A

related aspect is that the NARDAC's are moving to a NIP

funding basis instead of a mission-funded basis. It is not

- 9 -
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impossible that FMSO dnd its customers could be moved -o

such a fund accounting basis in the futurs.

Although a productivity measurement system can provide

zaascnably precise and accurate informa-ion, it cannot in-

crease productivity on its own. Otner chapters of this re-

port provide other techniques and methods f)r dealing with

productivity enhancement at ?M.O. As :v.a following remark

indicates, these other factcrs are also importazt.

Hcw workers ±eei =bou: -he'.r jobs, a',out hei
fellow workers, abou- ma.-.:emzn,, ar,.d aocu, the
o:ganizatio., ay z, more rr: -n infuencrg
productivity than is the par-icular way they are
ins:tuced -o do th_,ir d: rk, the formal organiza-
tional stuct-re, or ever. financial incent-ives.8

* This is fourd cn page 1038 of Nelson, R.3., "Research on
Productivity Growth and Productivity Differences: Dead
Ends and New Departures," Ili !cur~nl af Econo1c Litq-a-
-! Vol. 19, No. 3, September 1981, pp. 1029-1064.
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Chapter 6

A PROJECT PLANNING SYSTEM

6.1 INTRODOCTION

Software prcl-sct manageu'n: has never been an easy task.

The area is charac-erized hy slipped sch.dules, overdue de-

liveri-s and systems that do not work as thay der- intended.

Over the years, we have gotten smarter about sofware system

develcpment. We know more about how to io i-, and we settle.

fo: less than our most optimistic hopes. A mazaaer thrcwn

into this environment for the first time quickly comes to

appreciate Fred Brooks metaphorical lise of the LaBrea Tar

Pits tc characterize software development projects9.

A great deal has been writt--n about sof-.ware p,:ojec-: man-

agement -echniques lately. Naturaily, most of the writeups

are of success stories. In the normal manner of success

stories, they make the project management proc.ss seem east-

er than it prcbably wds. This is where th.e "Grass is Green-

er" syndrome begins to come in. We know that in our owz or-

ganizations, there are problems that sometimes get out of

hand. These success stories sometimes make us think that

everybcdy else has things under ccntrol. The answer then

seems to be to take the methods that have (presumably)

SFred Brooks, i Ay.1 r p. 3.
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worked well elsewhere and adapt. them t., our organi4zat: ins.

This wculd be a great idea if it were possi-ble, but un-

fortunat-3ly, there are a few hitches in :he process. Scft-

ware projects are aot si-mple, and they are not standardized

across organi41zat icns. The standards for measuring pr:oduc-

lvity in different organizations ars going to be vastly

diff erent . We can learn a lot about installing a pro-iect

planning and ccntrol system by observing 7he techniques that

have worked elsewhere, but we havs to be carsful. it is es-

pacially dangercas to take produc-.ivit y fioirss fr ne-r

aanization as necessarily beimg indicative of what we can

sxPe ct. First of -ill, we hav=e to know what -.hey think Do-

ducti.-vi-tv is and how -:hey account -For it. That nnrfo~maticn

.arely appear-s in the artrirleS in suffizen-: det ail to: allow

us to r-econstruct -:he 3easurss aised by tach original ra-

sear-chers, much less use thee- In cur own orqan-'za::4ons.

what we w:nll have to do is t:o develop our cwr models

(pzobably patte rned on thcase developed elsewhere) , gather

data c:: how they work, and gradually devel1op our :own system

for ;roject estizating. This Implies that. a p~oject estima-

icnc- model has to ba tailcr made for a given organi--zatiJon.
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Just because project planning and control systems must be

tailored to a given organization, this does not mean that

there is not considerable guidance available on successful

approaches to Frcject planning systems. 1here are two major

approaches we would recommend considering as models for a

project planning system at FMSO. rhe first of these is the

SLIM system developed by Lawrence Putnamno. Putnam's model

is based on the Rayleigh Curve and can be used -to estimate

effcrt required and timing of effort fo- medium to large

scale software projects. The SLI. model is ava-lable ove:

tie sharing services and could sezve as a useful f:rst ap-

:) rcach to developing local project plaaning models at FISO.

I good source for information on the 5LIM model and the way

in which it is used for prcject planning is given ty Vor-

gang"l. The SLIM model is basically a macro aoproach to

cost and effort estimation that makes zaasonable assumptions

about the type of work being done. It seems to offer a lit-

t.e less flexibility than you would get by developina your

own model, but it is probably a good place to start investi-

ga-ing the subject.

10 A detailed account of Putnam' s model is found in Lawrence
Putnam, "A General Empirical Solution to the Macro Soft-
ware Sizing and Estimating Problem", 12EE -la ctiorns 2L
Sq f- jflen, July 1978, pp. 345 - 361.

11 Blair Roland Vorgang, "A Macro Approach to Software Re-
sourca Estimation and Life cycle Control", Master's The-
sis in Ccmuuter Systems Management, Naval Postgraduate
School, December 1981.
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The next prclect Dlanning model is the COCOMO (for

COnstructive COst MOd-el) systsm developed by Barry Boehmi z

of TRW. Bcehm pzcvides a detailed lescriptio: of the CCCOMC

system in his bock. The data used to derive the model comes

from experience in software developmen" at TRW. Unfortu-

nately, this experierc . may not te antizlj relevart t.

FISO's softw7-e develoomsrnt situation. rhzee is nob a suf-

ficien- number of . OBOL la:a points usei so derive the pa-

rameters cf the mcdel. The ZJCOMO mcde. :robao ly wc_-ks bet-

-- : in the scientific :cmrutin; enviromart csmmon in the

aerospace industry tnan it do s in a puz.el lama ::cessir.g

--nvircnment.

However, Boeh. is !e-ailei enough aboa- how -he models

ar- e put tcgether that he .:.ovides an excelln - pat-tern to

follow in develcpin; your own project planning systems. The

ZOCOMO system is diviled into basic and intermediate models.

Both systems are used to predict the effo- requi ed to de-

velop a software prcduct. The basic system uses a single

predictor va:iable, number cf lines of source c-ds requirel,

and three different modes cf development. rhe three modes

are:

Organic Mcde - In organic mode, relatively small
software teams develop software in a highly
familiar,in-house environment. Most people
connected with the project have extensive ex-
perience in working with related systems

12 The COCOMO model as well as a number of othsr important
issues in project planning and cost estimation are de-
scribed in Barry Boehm, SoaLK i -2e. n21 a
published by Prentice-Hall, Inc., 1981.
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within the organization, and have a thorouqh
understanding of how the system under devel-
opment will contributed to the organization's
cb ject ires.

Embedded Mode - In embedded mode, :he distinguish-
ing factor of a Froject is a need to operate
within tight constraints. The product must
operate within (is embedded in, a stzongly
coupled complex of hardware, software, regu-
lamicns and operational procelures, such as
an electronic funds transfer system or an air
traffic control system.

Semidetached Mode - The samidetached moie is an:n-ermndiate level retween the z:;aaic and

embeddsd mcdes. The project conta:ns mix-
tures of both emteddd ard organic mode char-
act eri-tics.

FSIC's mode of T.j:ject develpzement cculd nc-mally be char-

arter-ized as organic mode, although some :f the projects un-

dertaken by -hE Env3rr-uenta! ;rcu F wculd probably be con-

siderel to be em-edded mole.

At -this basic level, Scehm reports that CCCO.1O pr=-

dictions come within a factor of 1.3 cf actuals 29% of the

time and within 2.) of actuals 60% of the t me. If these

r.sults do not seem cverly impressive you can move to what

Boehm calls intermediate CCCOAO. In this enhancement of the

model, Boehm adds an additional fifteen factors or "cost

driver attribures" that are given below. The names cf the

variables are those used in Bohem's model itself.

Product Attributes

RELY - required scftware reliability
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DATA - data base size

CPLX - produc',- complexity

Computer Attributes

TIME - execution tims corstraint

STCR - matn storage constraint

VIRT - vi'rtual machize volati4-li-cy

TURN - coimput9?: turnarzoand --ime

Persennel A::ri1btes

ACAP - azalys:t capability

AEXP - aplcqin xperiE&nce

PCAP - p:ogramnmer capabili--v

VEX? - vir-t*ual Mac,.-ine experienza

LEX? - nrcg:.anmung langilage x -- c

?:oiec:. Att:ibutes

-10 modarn programmig prac-!..ces

TOCL - uIse of sof:,ware toolsfSCED - requiread developtent schedule

Zach of these parameters are assigned weights (called "ef-

fort multiplis:sl" by Boehmi), and these weights are used mul-

tipli-cativly to adjus: parameters in the model. Boehm

claims that with intermediate COCOMO, he is within 20% of

actuals 681 of the time.

-56 -

*1



It

In many ways, the type of data col!ectei by Bceb- for f.-

t=rmediate COCCG is similar To that a'r-ea.y cDr.nsidered by

FISO for its own prc-ect estimation !ata oazhe:rn. T :s _s

not surprising since Boehm's model passes wdat cculd be

called a "reascnable man" test. The param~ters in the model

are those that an experienced professcr ia wculd Frobably

expect to find ccntributing to effort requi-ed in a scfware-

levelopment prclect. With 5oehm's model, or any scftware

develcpment model, one mus-t be carful how :t is applied.

The developmen- cf such an estimation model no an evolutico-

a-y pFocess an.4 the:re are many oppcrtuniti_-- :cr prtblems.

Putnam cautions -hat "Ir have found that manower data accu-

mulated -o a yearly value is not nore accurzate than +/-

13-15% of -he _ecorted value. If -hs data are examined at

shorter intervals, the percentage varition tznds --o b- r,:-n

greater '13 . : will take time to figurs out what the bias

caused by acccun-_ing probl.ms is in your :;ren'zatio.n and

how these should be accounted for in the iodel. In addi-

t ion, -here is rrcbably a "Hawthorne Effect" presnt in

softwa-e management. As a model is developed, the tighter

controls are likely to bring about increased procrammer

awareness cf management gcals. To a certain extent, the ef-

fort projections may become self fulfilling prophecies.

They determine the time alloted to the software project, and

13 Lawrence Putnam, "A General Empirical Solution to the
Macro Software Sizing and Estimatirg Problem", IEEE

Zau911squ 2a .Zaliar. lal-ei July 1978, p 346.
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at the end of that time, th-_ project is declared d.,ne

it has tuly major deficiencies.

Whatever mcdel is used for projections in the F.'150 sn vi-

ronment, it should be kept in mind that software effort ,s-

timation Is nct an exact science by any means. The models

w_.ll have to ts developed in an evolutionary fashion and

will have tc be geared to FMSO's unique stuaion. 'ore-

over, as technclogy changes (azssumng, f:or example, tnat the

reccmmendaticn to acquire a dsvelopment tpcls machine 4o

taxerr), -n it is to be expected that it w-_1 be .nec s aI

to change the models used as well. It w-il p:obably taks a

nanoer . years to come up with a useful moiWl.

6.3 CONCUSICNS

F3SO shcu id begin some preliminary work on ieveop_ng a

project planni.g and effort estimation moedl. Some of -he

i-,=k has already beern don- in :-ht t'er haZ.as be ata gath-

e-ing done on -he time requirei for prcEc-:s, and the forms

used are similar to those in use elsewhere. The next s-ep

will be to analyze the data cillected, -o baqin to develop

some computer molels cf effort and then at-empt to vai'a-E

these models cn cn-going F1SO software ievelcpmen-t projects.

This work need not watt until the acquisition of a develcp-

sent tools system. It could probably bB initiated using any

of the micros curz.ently in place at FMSO.
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